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ABSTRACT /@-- 

The energy d i s t r i b u t i o n s  of p ro tons  and o t h e r  s p e c i e s  

of i o n s  i n  i n t e r p l a n e t a r y  space a s  w e l l  a s  a t  s a t e l l i t e  a l t i t u d e s  
w i l l  be s t u d i e d  us ing  a new d e t e c t i o n  technique .  Observat ions 

w i l l  be inade a s  a f u n c t i o n  of time, d i r e c t i o n  and p o s i t i o n  over 
an energy range of a t  l e a s t  10 eV t o  10 K e V ,  w i t h  a maximum 

of IU s e il t v- i t )- ln-1SA, allu ---I LL^ bile Lapability ?^-_  to detect  si i igle i o n s .  
Previous  s t u d i e s  of t h e  " s o l a r  wind" sugges t  many important  

measurements of i ts s t a t e ,  its i n t e r a c t i o n s  wi th  p l a n e t s ,  and 
i ts  wave phenomena. The p resen t  i n s t rumen t ,  which is  10 x 30 x 20 

(cm') i n  s i z e ,  c o n t a i n s  an e l e c t r o s t a t i c  energy a n a l y z e r ,  a 
s e c o n d a r y - e l e c t r o n - s c i n t i l l a t i o n  d e t e c t o r ,  high vo l t age  s u p p l i e s ,  
and s i g n a l  cond i t ion ing  c i r c u i t s .  Laboratory work demonstrates  

c o n s t a n t  response for protons  having e n e r g i e s  from 30 e V  t o  
3 K e V  and a minimum d e t e c t a b l e  cu r ren t  corresponding t o  about 
t e n  p a r t i c l e s  pe r  second. Progress  is r e p o r t e d  on t h e  development 
of a v e l o c i t y  s e l e c t o r  for s e p a r a t i n g  i o n i c  s p e c i e s ,  hope fu l ly  
l e a d i n g  t o  t h e  s o l u t i o n  of an important problem i n  s o l a r  wind 
s t u d i e s :  t h e  de te rmina t ion  of the r e l a t i v e  abundance of p ro tons  
and a lpha  p a r t i c l e s .  



1. I n t r o d u c t i o n  

Ample evidence now e x i s t s  f o r  s i g n i f i c a n t  p a r t i c l e  and 
energy d e n s i t y  i n  what used t o  b e  thought of a s  "empty space" 

i n  t h e  s o l a r  system. Even during q u i e t  p e r i o d s ,  t h e  s o l a r  
atmosphere ex tends  t o  t h e  e a r t h ' s  o r b i t  and beyond i n  t h e  form 
of a tenuous,  s t reaming plasma having roughly these p r o p e r t i e s :  
number d e n s i t y  - 20 per  c m  : mean v e l o c i t y  - 5 x 10 cm/sec2 
temperature  between lo5 and 1 0 6 0 K .  
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This  "solar wind" was 

f i r s t  proposed by Biermann' and  was t h e  s u b j e c t  of subsequent 
c a l c u l a t i o n s  by Parker  . S a t e l l i t e  obse rva t ions  by Gringauz 

-- e t  a13, Bridge -- e t  a14,  and Neugebauer and Snyder5 confirm t h e  
e x i s t e n c e  of such a plasma ou t s ide  t h e  e a r t h ' s  magnetosphere 

and a s  d i s t a n t  from u s  a s  t h e  o r b i t  of Venus. 
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Many p r o p e r t i e s  of t h e  s o l a r  wind remain unknown, and w e  
a r e  developing a s a t e l l i t e  instrument t o  determine some of 

them. We hope t o  d e f i n e  t h e  f low-di rec t ion  and temperature  of 
t h e  plasma more c l o s e l y  and t o  examine i t s  composition f o r  t h e  

f i r s t  t i m e .  By v i r t u e  of h igh  s e n s i t i v i t y ,  it should be 

p o s s i b l e  t o  scan  t h e  p a r t i c l e  energy d i s t r i b u t i o n s  a t  v a r i o u s  
a n g l e s  w i t h  r e s p e c t  t o  t h e  s a t e l l i t e - s u n  l i n e  and thereby  s e a r c h  
f o r  a n i s o t r o p i e s  such a s  d i f f e r e n t  tempera tures  p a r a l l e l  and 
pe rpend icu la r  t o  t h e  i n t e r p l a n e t a r y  magnetic f i e l d .  Non-thermal 

d i s t r i b u t i o n s  and l a r g e  changes i n  plasma composition may be 

observed fo l lowing  t h e  passage of magnetic s torm-f ronts .  

Prev ious  experiments have enabled some i n f e r e n c e s  t o  be 
made on t h e s e  s u b j e c t s ,  and i t  should no t  be taken  a s  a c r i t i c i sm 
of t h i s  work t h a t  t h e  evidence is s t i l l  incomplete i n  many 
r e s p e c t s .  Th i s  t e s t i f i e s  in s t ead  t o  t h e  d i f f i c u l t i e s  i n h e r e n t  
i n  (and i n  many c a s e s  p e c u l i a r  t o )  space-probe exper imenta t ion .  

The experimenter must s t r i k e  a ba lance  between t h e  exhaus t ive  
measurements he wants t o  make and t h e  c a p a c i t y  of t h e  v e h i c l e  
t e l e m e t r y  system. Such a system can impart  in format ion  only  

'S 
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so  r a p i d l y ,  p a r t i c u l a r l y  when s e v e r a l  experiments  go on 

s imul taneous ly .  On a long  d i s t ance  f l i g h t ,  such a s  Mariner,  
in format ion  can only  be t r ansmi t t ed  a t  a r a t e  of a few b i t s  

per  second and one encounters  weight and power l i m i t a t i o n s  
on t h e  e x t e n t  t o  which one can s tore  and p rocess  d a t a  on-board. 
We can expect  t o  see s e v e r a l  years  of s u c c e s s i v e l y  r e f i n e d  
exper imenta t ion ,  be fo re  such complex o b j e c t s  a s  t h e  i n t e r p l a n e t a r y  

plasma become w e l l  understood. Gur present work is ;a s t e p  
a long  t h i s  way, and w e  a r e  a l s o  developing ex tens ions  of t h e  

ins t rument  t o  f u t u r e  work. 

2.  P r i n c i p l e s  of t h e  Plasma Analyzer and Detector 

The ana lyzer -de tec tor  is a c t u a l l y  a low energy i o n  d e t e c t o r ,  

i n  which mass and energy d i sc r imina t ion  a r e  combined t o  g i v e  
d i f f e r e n t i a l  energy s p e c t r a  of i o n s  w i t h  a given va lue  of m/Z. 

None of t h e  i n d i v i d u a l  components from which it  is made up a r e  

o r i g i n a l  i n  concept ;  r a t h e r  i t  r e p r e s e n t s  t h e  combination of 
s e v e r a l  known methods i n t o  a s y s t e m  which has  advantages f o r  
o p e r a t i o n  i n  space.  

( a )  I n  F igu re  1 w e  see a diagram of t h e  s y s t e m .  The i o n s  

e n t e r  through t h e  slit  and a r e  selected d i f f e r e n t i a l l y  i n  t e r m s  
of energy-per-unit-charge by t h e  e l e c t r o s t a t i c  ana lyze r .  The 
127O d e f l e c t i o n  c o n f i g u r a t i o n  is used even though w e  do n o t  
need r e s o l u t i o n  b e t t e r  than 10% a t  t h e  p r e s e n t  t i m e ,  bo th  so 

t h a t  w e  can i n c r e a s e  t h e  r e s o l u t i o n  a t  any t i m e ,  and a l s o  
because it  g i v e s  a convenient phys i ca l  arrangement.  Equal 
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n e g a t i v e  and p o s i t i v e  p o t e n t i a l s  a r e  a p p l i e d  t o  t h e s e  p l a t e s ,  

and they  can e i ther  be s tepped  or d r i v e n  s lowly  through a 
range.  I n  round numbers, t h a t  is t o  say  not  a l lowing  f o r  
f r i n g i n g  e f f e c t s ,  

R = p l a t e  r a d i u s  
d = p l a t e  s e p a r a t i o n  
- + = p l a t e  p o t e n t i a l  

E/Z = 3 x V d 
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The maximum usab le  va lue  of R/d is of o rde r  t e n .  A t  t h e  same 
t i m e  V/d must be kept  below lo4 i n  order  t o  avoid c e r t a i n  
problems connected wi th  f i e l d  emission. Thus t h e  maximum 
p r a c t i c a b l e  value of pro ton  energy which can be measured by 
t h i s  method is  approximately 100 K e V ,  and t h i s  is of t h e  same 

o rde r  a s  t h e  minimum energy which can be d e t e c t e d  by a con- 
ver - t in r -a l  scintillation counter .  The two methods a r e  t h e r e f o r e  

complimentary. 
(b)  F igure  2 shows t h e  r e s u l t  of t h e  a n a l y s i s  of approxi- 

mately monoenergetic beams of protons.  The e x t r a c t o r  p o t e n t i a l  

of t h e  i on  source  i s  shown f o r  each curve ,  and i t  w i l l  be s e e n  
t h a t  t h e  r e s o l u t i o n  of t h e  analyzer  is c l o s e  t o  t h e  p r e d i c t e d  
va lue .  The arrows on t h e  absc issa  show t h e  p o t e n t i a l s  which 

should be r e q u i r e d  t o  d e t e c t  protons wi th  t h e  nominal p o t e n t i a l s  
shown. The d i f f e r e n c e  between the  p o s i t i o n s  of t h e s e  arrows 
and t h e  p o s i t i o n  of t h e  peaks of c u r r e n t  r e p r e s e n t  t h e  d i f f e r e n c e  

between t h e  e x t r a c t i o n  p o t e n t i a l  of t h e  i o n  source  and t h e  

energy of t h e  r e s u l t i n g  i o n s .  
Af t e r  l e a v i n g  t h e  analyzer  t h e  i o n s  e n t e r  a con- 

v e n t i o n a l  v e l o c i t y  s e l e c t o r  of t h e  E X B type .  The p o t e n t i a l  

a p p l i e d  t o  t h e  p l a t e s  is f i x e d  f o r  a given m/Z and magnetic 
f i e l d  B.  I n  t h e  space  a p p l i c a t i o n  t h e  magnetic f i e l d  is kept  
f i x e d  and t h e  d e f l e c t i o n  c e l l  must be surrounded by a w e l l  
des igned  yoke t o  prevent  s t r a y  f i e l d s  from i n t e r f e r i n g  wi th  

o t h e r  experiments on t h e  same s a t e l l i t e .  An example of t h e  
program of p o t e n t i a l s  a p p l i e d  t o  t h e  va r ious  e l e c t r o d e s  i n  a 
s p e c i f i c  experiment is  given below. 

( c )  The i o n s ,  now belonging t o  a few s p e c i e s  wi th  f i x e d  

m/Z and energy,  e n t e r  t h e  d e t e c t i n g  chamber where  they  a r e  
a t t r a c t e d  t o  a high vo l t age  e l ec t rode .  T h i s  emission knob, 
made of h ighly  po l i shed  aluminum, e m i t s  s e v e r a l  (-3) secondary 

e l e c t r o n s  f o r  each i n c i d e n t  ion when maintained a t  -15 Kv. (7) .  
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These secondar i e s  a r e  acce le ra t ed  by t h e  same high p o t e n t i a l  
and d e t e c t e d  by a p l a s t i c  s c i n t i l l a t o r - p h o t o m u l t i p l i e r  d e t e c t o r .  

The s c i n t i l l a t o r  is  covered by a t h i n  (2000 A) f i l m  of A 1  

which does t h e  double duty of grounding t h e  p l a s t i c  and keeping 

v i s i b l e  l i g h t  from t h e  phototube. 

0 

What a r e  a c t u a l l y  de t ec t ed  a r e  t h u s  approximately 
3 e l e c t r o n s  each w i t h  15 K e V  energy f o r  each  i n c i d e n t  i o n .  
These a r r i v e  a t  t h e  s c i n t i l l a t o r  i n  a t i m e  s h o r t  compared wi th  
t h e  r e s o l v i n g  t i m e  of t h e  output c i r c u i t  of t h e  tube.  The de- 

t e c t i o n  e f f i c i e n c y  f o r  each 15 KeV e l e c t r o n  a f t e r  i t  has  passed 
though t h e  A 1  f i l m  is of t h e  order of 5w0, and toge the r  they 
g ive  a p u l s e  which is s e v e r a l  t i m e s  h igher  than  t h e  average dark  
c u r r e n t  p u l s e  of t h e  tube.  Assuming 50 e V  f o r  each photon 
produced i n  t h e  p l a s t i c  s c i n t i l l a t o r  and 5 K e V  l o s t  i n  t h e  A 1  

l a y e r ,  i f  w e  have 50% l i g h t  c o l l e c t i o n  e f f i c i e n c y  and 10% 
quantum e f f i c i e n c y  a t  t h e  photocathode t h e  average p u l s e  c o n t a i n s  

x 0 . 1  = 10 x G e l e c t r o n s ,  where G lo4 G X -  50x2 

is t h e  ga in  of t h e  tube .  The e f f i c i e n c y  of d e t e c t i n g  a t  l e a s t  
one of t h r e e  such p u l s e s  can be made t o  be i n  excess  of Swo. 

The d e t e c t o r  t h u s  counts  s i n g l e  i o n s  wi th  a high e f f i c i e n c y .  
Such systems were independently developed by Schutze and 

Bernhard8, Daly’ and by Afrosimov -- e t  a l l o .  

have used t h e  o v e r a l l  a n a l y s i s  and d e t e c t i o n  system f o r  measuring 

plasma i o n  d i s t r i b u t i o n s  i n  the  l a b o r a t o r y ,  and Lincke and 

Wilkerson12 have used t h e  de t ec to r  p a r t  a l o n e  f o r  vacuum-uv 

spec t roscopy.  

11 Eubank and Wilkerson 

I n  F igure  3 w e  show 3 pu l se  h e i g h t  ana lyses  f o r  t h e  

d e t e c t o r  o p e r a t i n g  i n  t h e  pulse  mode. The o r d i n a t e  s c a l e  is 

loga r i thmic  and t h e  a b s c i s s a  r e p r e s e n t s  256 channels .  W e  no te  
two p o i n t s  

5 
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(1) One of t h e  d i f f i c u l t i e s  which w e  have encountered 
is i n  reducing  t h e  background counting r a t e  i n  t h e  absence of 

i o n s  e n t e r i n g  t h e  s l i t .  The r a t e  t o  be expected due t o  cosmic 

r a y s  is of o rde r  5 sec- l ,  but t o  r e a l i z e  t h i s  i n  p r a c t i c e  
r e q u i r e s  extreme c a r e .  The s u r f a c e s  of t h e  h igh  v o l t a g e  
e l e c t r o d e  and t h e  i n t e r i o r  of t h e  d e t e c t i n g  chamber must be 

f r e e  from d u s t ,  s i n c e  f i e l d  emission from p o i n t s  can t a k e  p l a c e  

when t h e  average f i e l d  is  of order 10 V / c m  . I f  t h i s  occurs  
i t  makes i t s e l f  f e l t  by t h e  presence of a number of p u l s e s  a t  
l e a s t  a s  l a r g e  a s  p u l s e s  due t o  i o n s .  These a r e  s e e n  i n  t h e  
second p i c t u r e .  
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(2) The t h i r d  p i c t u r e  which r e p r e s e n t s  only 1/10 

of t h e  count ing  t i m e  of t h e  f i r s t  two shows t h e  p o s i t i o n  of 
t h e  b i a s  l e v e l  which is set  t o  reduce background. The l a c k  of 

a d i s t i n c t  peak i n  t h e  pu l se  height  d i s t r i b u t i o n  is due t o  
s c a t t e r i n g  i n  t h e  f o i l  covering t h e  p l a s t i c  s c i n t i l l a t o r .  
Although, a s  noted above, t h e  average p u l s e  a t  t h e  cathode 
c o n s i s t s  of approximately 10 photoe lec t rons ,  t h e  sp read  is  
very wide. 

We have in t roduced  some re f inements  i n  t h e  ana lyzer -  
d e t e c t o r  f o r  space  a p p l i c a t i o n .  I n  f i g u r e  4 w e  see a p l o t  

of i on  and e l e c t r o n  t r a j e c t o r i e s  ob ta ined  by t h e  conduct ing 
paper technique14 f o r  motion i n  two dimensions. 

t h i s  e l e c t r o d e  shape a l lows  a l l  i o n s  over a wide range of 

i n c i d e n t  e n e r g i e s  t o  s t r i k e  the  knob, and t h e  r e s u l t i n g  e l e c t r o n s  
t o  r each  t h e  s c i n t i l l a t o r .  W e  have checked t h i s  d i r e c t l y  by 

measuring t h e  c u r r e n t  ga in  of t h e  d e t e c t o r  a s  a f u n c t i o n  of 

i n c i d e n t  pro ton  energy,  and f i n d  it cons t an t  from 100 e V  t o  
3 K e V .  

We f i n d  t h a t  

I n  o rde r  t o  provide a very wide dynamic range of 

d e t e c t a b l e  c u r r e n t  w e  proceed a s  fo l lows .  From z e r o  t o  10 
p u l s e s  per  second t h e  pulse-counting mode is  used.  For h igher  

5 
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i n c i d e n t  c u r r e n t s ,  an e lec t rometer  is connected t o  measure t h e  

c u r r e n t  from t h e  e i g h t h  dynode of t h e  phototube.  The dark  
c u r r e n t  t o  t h i s  e l e c t r o d e  is  of o rde r  3 x lO-’A, and wi th  over- 
a l l  ga in  of o rde r  lo5 t h e r e  i s  some o v e r l a p  between t h e  two 
modes of ope ra t ion .  The maximum c u r r e n t  which can be recorded  
i n  t h i s  way i s  approximately 10m4A, corresponding t o  an input  

c u r r e n t  of approximately lO-’A. 

f o r  s tudy ing  r e l a t i v e  abundances i n  t h e  s o l a r  plasma. 
Such a wide range i s  necessary 

F igu res  5 and 6 show photographs of a p ro to type  of 
t h i s  device  which is t o  be flown on an ARGO D-4 r o c k e t  t o  an 
a l t i t u d e  of about 1000 Km from Wallops I s l a n d ,  V i r g i n i a ,  dur ing  
September 1963, w i t h  t h e  i n t e n t i o n  both  t o  t e s t  i ts  c h a r a c t e r -  
i s t i c s  f o r  space f l i g h t  and t o  o b t a i n  some informat ion  about t h e  

i o n i c  c o n s t i t u t e n t s  of t h e  upper atmosphere . 15 

For t h i s  f l i g h t  only energy-per-unit-charge w i l l  be 

s e l e c t e d ,  twelve s t e p s  between 2 e V  and 200 e V  be ing  provided.  
The va r ious  p a r t s  of t h e  apparatus  a r e  i n d i c a t e d  i n  t h e  cap t ion .  
F igure  6 shows a p a r t i a l l y  assembled view of t h e  d e t e c t o r  

system, which weights  7.4 l b .  i n  i t s  p r e s e n t  s t a t e  and consumes 
approximately 1-1/2 wat t  a t  28 V DC. For s a t e l l i t e  u se  t h e  
weight must be reduced,  but  t h i s  should not  p r e s e n t  an in supe rab le  
problem. 

4 The s o l a r  plasma comes c l o s e l y  r a d i a l l y  from t h e  sun 
and t h u s  w e  a r e  i n t e r e s t e d  i n  count ing i o n s  when t h e  en t r ance  
ang le  ( 6 O )  of t h e  d e t e c t o r  inc ludes  t h e  r a d i u s  vector between 

t h e  sun  and t h e  s a t e l l i t e .  We must be a b l e  t o  re jec t  v i s i b l e  

l i g h t  and u l t r a v i o l e t  r a d i a t i o n  a s  sou rces  of coun t s .  This  

problem has not been completely so lved ,  bu t  some of our  pre- 
c a u t i o n s  a r e  shown i n  F igure  6. V i s i b l e  l i g h t  w i l l  p r e sen t  

t h e  g r e a t e s t  d i f f i c u l t y  s i n c e  the  peak of t h e  s u n ’ s  spectrum 

is a t  a wavelength l a r g e r  than t h a t  which can cause t h e  emission 
of e l e c t r o n s  from t h e  A 1  knob. Thus t h e  v i s i b l e  l i g h t  must be 
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prevented from e n t e r i n g  t h e  de t ec t ion  chamber, and t h a t  which 
does s o  must t hen  be prevented from e n t e r i n g  t h e  phototube. 
The t h i c k n e s s  of t h e  A 1  l a y e r  on t h e  s c i n t i l l a t o r  is f i x e d ,  

s i n c e  5 K e V  i s  t h e  maximum acceptab le  mean energy l o s s  f o r  
e l e c t r o n s  pas s ing  through i t .  The purpose of t h e  horn type  
l i g h t  absorber16 is t o  prevent  l i g h t  p a s s i n g  through t h e  meta l  
gauze window i n  t h e  o u t e r  p l a t e  from r e - e n t e r i n g  t h e  box around 
t h e  ana lyze r .  The p r i n c i p a l  v a r i a b l e  is  t h e  degree t o  which 

l i g h t  s c a t t e r e d  from t h e  metal  gauze can  p e n e t r a t e  t o  t h e  box. 
Th i s  and t h e  p r e s e n t l y  unknown u l t r a v i o l e t  s e n s i t i v i t y  may 
l i m i t  t h e  u s e f u l n e s s  of t h e  device,  bu t  work is a t  p r e s e n t  
proceeding on both  these s u b j e c t s .  Provid ing  one does not  

look d i r e c t l y  i n  t h e  d i r e c t i o n  of t h e  sun ,  t h e  p re sen t  rocke t  
experiment g ives  no i n d i c a t i o n  of v i s i b l e  l i g h t .  

The development and t e s t i n g  of t h e  d e t e c t o r  has  been 
c a r r i e d  o u t  u s ing  a vacuum system i n  which w e  have inco rpora t ed  
an R F  i o n  source .  By in t roducing  hydrogen through a Pal ladium 
l e a k ,  w e  produce a beam c o n s i s t i n g  p r i n c i p a l l y  of p ro tons .  

By s e p a r a t i n g  t h e  d e t e c t o r  from the  source  by  a d i s t a n c e  of 
order 1-2 meters a uniform beam of p a r t i c l e s  may be ob ta ined  
capable  of f i l l i n g  t h e  s l i t  of t h e  ana lyze r .  Curren t  measure- 
ments a r e  c a r r i e d  ou t  u s ing  Faraday cups,  and c u r r e n t  d i v i s i o n  

can be c a r r i e d  o u t  t o  a f a i r  degree of accuracy by such cups 
w i t h  a sma l l  ho le  i n  t h e  bottom, i f  s t o p s  a r e  in t roduced  a t  
t h e  correct p l a c e s  i n  t h e  i o n  beam. The u s e  of e l e c t r o n s ,  

f o r  which one knows t h e  energy a c c u r a t e l y ,  is p o s s i b l e  by 

s u b s t i t u t i n g  s u i t a b l e  guns f o r  t h e  i o n  s o u r c e ,  and t h e s e  were 
used t o  o b t a i n  t h e  energy p r o f i l e  of t h e  energy per  u n i t  charge 
ana lyze r  shown i n  F igure  7.  The d e t e c t o r  is mounted i n s i d e  t h e  

vacuum on a system of motor-driven t a b l e s ,  a l lowing  both  r o t a t i o n  

about t h e  a x i s  of t h e  d e f i n i n g  s l i t  and t r a n s l a t i o n  a c r o s s  t h e  
bean a x i s .  Th i s  is  used t o  check t h e  s o l i d  angle  of acceptance 

of t h e  system, a t  p re sen t  6 0 x 6 O  approximately.  



3. S p e c i f i c  S a t e l l i t e  Experiment 

We conclude by d i s c u s s i n g  an experiment w e  have proposed 

f o r  a c l a s s  of s a t e l l i t e s  having o r b i t s  w i t h  apogee exceeding 
40 e a r t h  r a d i i ,  s o  t h a t  one can therefore observe t h e  s o l a r  

wind w e l l  o u t s i d e  its reg ion  of i n t e r a c t i o n  wi th  t h e  e a r t h ' s  

magnetic field. Becawe  c?f t he  telemetry l i m i t a t i o n s ,  t h e  

experiment must be s i m p l i f i e d  a g r e a t  d e a l  compared t o  i t s  
p o t e n t i a l  complexity.  S p e c i f i c a l l y  w e  w i l l  s t udy  f o u r  bands 
E/Z (E = 200, 400, 800, 1600 e V  f o r  pro tons)  and f i v e  bands 

i n  m/Z (1, 1.5, 2 ,  3 and 4) i n  each E/Z channel .  Al toge ther  
t h e n ,  there  a r e  4 x 5 = 20 c a t e g o r i e s  of p a r t i c l e  d a t a  t o  be 

scanned r e p e t i t i v e l y  i n  a given sequence. Each ca t egory  is 

examined f o r  one r e v o l u t i o n  of t he  s p a c e c r a f t ,  and t h e  t o t a l  
coun t ,  or t o t a l  r ece ived  charge,  du r ing  t h e  r e v o l u t i o n  is  t h e  

datum w e  r eco rd .  The s a t e l l i t e  w i l l  s p i n  about an a x i s  
approximately a t  r i g h t  ang le s  t o  t h e  p l a c e  of t h e  e c l i p t i c .  

The experiment w i l l  be mounted e q u a t o r i a l l y  on t h e  s a t e l l i t e ;  
i . e . ,  i t  w i l l  see only t h a t  po r t ion  of t h e  sky l y i n g  i n  a 
sha l low p i l l b o x  which inc ludes  the  s o l a r  d i r e c t i o n .  S ince  

w e  i n t e g r a t e  t h e  s i g n a l  over a r e v o l u t i o n  our  d a t a  a r e  t h e  
az imutha l  i n t e g r a l s  of p a r t i c l e  f l u x  over  t h i s  r o t a t i n g  cone, 

and w e  s a c r i f i c e  a l l  angular  r e s o l u t i o n  wi th  r e s p e c t  t o  t h e  
s a t e l l i t e - s u n  l i n e .  Such a s a c r i f i c e  is made r e l u c t a n t l y ,  b u t  

w e  have decided t o  use  a l l  of t h e  t e l e m e t r y  c a p a c i t y  f o r  what 
seems t o  be a much more important ma t t e r  a t  t h i s  t i m e  - namely 

t h e  examination of t h e  s o l a r  plasma f o r  i t s  i o n i c  c o n s t i t u e n t s .  

Ve loc i ty  channels  have been chosen t o  b racke t  what is 
b e l i e v e d  t o  be t h e  mean speed of t h e  s o l a r  wind. The bulk  
of t h e  plasma is  probably t o  be found i n  t h i s  range because 

of i ts r e l a t i v e l y  low temperature compared t o  i ts energy of 
o rde red  motion. The channels  i n  m/Z (+7% - p r e c i s i o n )  w i l l  
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i s o l a t e  pro tons  from a l l  o t h e r  species,  enable  a s e a r c h  f o r  

He3 ,  p r e s e n t  a sum of abundances f o r  a l p h a - p a r t i c l e s  and many 
o t h e r  n u c l i d e s  a t  m/Z = 2 ,  and give t w o  samples (m/Z = 3 and 4 )  

of t h e  f l u x  of p a r t i a l l y  - ionized atoms. 
C l e a r l y ,  high r e s o l u t i o n  w i l l  someday be r e q u i r e d  i n  view 

of t h e  many c o n s t i t u e n t s  l i k e l y  t o  be p r e s e n t  i n  t h e  i n t e r p l a n e t a r y  
plasma. The work of N i e r 1 7  i l l u s t r a t e s  t h e  developments i n  
t h i s  f i e l d .  We r e g a r d  our lower r e s o l u t i o n  experiment a s  a 
necessary  f i r s t  s t e p  t o  a s s e s s  t h e  degree t o  which t h e  mass 

spectrum may vary wi th  t h e  range of p a r t i c l e  energy cons idered .  

4 .  Other Experiments 

. -  

Apart from t h e  sounding rocket  and s a t e l l i t e  measurements w e  
have d i scussed ,  many o t h e r  experiments a r e  p o s s i b l e  wi th  t h i s  
appa ra tus  depending on t h e  s a t e l l i t e  o r b i t .  The most important  

appears  t o  be t o  s tudy  t h e  s t r u c t u r e  of t h e  sun-ward boundary 
between t h e  e a r t h ' s  magnetic f i e l d  and t h e  s o l a r  wind. A 

s a t e l l i t e  such a s  EGO would be appropr i a t e  s i n c e  i ts  o r b i t  
is  designed f o r  r e p e t i t i v e  t r a n s i t s  i n t o  and ou t  of t h e  
magnetosphere. \ 

O r b i t s  of g r e a t e r  e c c e n t r i c i t y  than t h a t  of EGO may provide 
an oppor tun i ty  t o  s tudy  t h e  "s tanding shock" which some 
t h e o r e t i c i a n s 1 8  b e l i e v e  t o  be the r e s u l t  of i n t e r a c t i o n  between 

gas  r e f l e c t e d  from t h e  magnetosphere and t h e  incoming s o l a r  
wind. By p i ck ing  o u t  t h e  proton component, f o r  example, and 
r e c o r d i n g  energy d i s t r i b u t i o n s  a s  a f u n c t i o n  of p o s i t i o n  and 

a n g l e ,  w e  would f i n d  d e n s i t y  and temperature  p r o f i l e s  i n  t h e  
plasma over  some depth i n  t h e  i n t e r f a c e  r e g i o n .  
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FIGURE CAPTIONS 

F ig .  1 - The energy per  u n i t  charge instrument  i s  shown i n  t h i s  
diagram. The v e l o c i t y  s e l e c t o r  w i l l  be  i n s e r t e d  between 

t h e  ana lyzer  and t h e  de t ec to r  box. 

F ig .  2 - The r e s u l t  of a n a l y s i s  of approximately monoenergetic 
beams of p ro tons .  The f i g u r e s  a t t a c h e d  t o  each curve 

show t h e  e x t r a c t o r  p o t e n t i a l  a p p l i e d  t o  t h e  i o n  source .  

The d e f l e c t o r  p l a t e  p o t e n t i a l  f o r  s e l e c t i n g  a pro ton  
of energy E is E/4 v o l t s .  

F ig .  3 - Pulse  he igh t  ana lyses  for t h e  d e t e c t o r .  The o r d i n a t e  
is  logar i thmic  and t h e  abssc i s sa  is 256 channels .  

F ig .  4 - E q u i p o t e n t i a l s  and t r a j e c t o r i e s  f o r  i o n s  and e l e c t r o n s .  

F ig .  5 - Proto type  energy per  u n i t  charge ana lyzer  f o r  rocke t  
f l i g h t  t e s t .  

F ig .  6 - P a r t i a l l y  assembled view of t h e  r o c k e t  i n s t rumen t .  

F ig .  7 - The energy p r o f i l e  of t h e  a n a l y z e r ,  measured us ing  

e l e c t r o n s .  
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